Staphylococcus aureus infections have been successfully treated in animal models with the combination of fleroxacin and rifampin. We studied the influence of rifampin, a potent cytochrome P-450 inducer, on the pharmacokinetics and biotransformation of fleroxacin in 14 healthy young male volunteers. Subjects were given 400 mg of fleroxacin orally once a day for 3 days to reach steady state. After a wash-out period of 2 days, the same subjects received 600 mg of rifampin orally once daily for 7 days. On days 5 to 7 of rifampin treatment, 400 mg of fleroxacin was again administered once daily. Concentrations of fleroxacin as well as its two major urinary metabolites, N-demethyl-and N-oxide-fleroxacin, in plasma and urine were determined by reverse-phase high-performance liquid chromatography. The extent of hepatic enzyme induction by rifampin was confirmed by a significant increase of 6-13-hydroxycortisol urinary output from 160.8 ± 41.4 to 544.8 ± 120.7 ,ug/4 h. There were no significant changes in the peak fleroxacin concentration in plasma (6.3 ± 1.2 versus 6.2 ± 1.9 mg/liter), time to maximum concentration of fleroxacin in plasma (1.1 ± 0.9 versus 1.3 ± 1.1 h), or renal clearance (58.3 ± 16.4 versus 61.9 ± 19.2 mVmin). The area under the curve AUC (71.4 ± 15.8 versus 62.2 ± 13.7 mg. h/liter) and the terminal half-life of fleroxacin (11.4 ± 2.2 versus 9.2 + 1.1 h) decreased (P < 0.05), while the total plasma clearance increased from 97.7 ± 21.6 to 112.3 ± 25.8 ml/min (P < 0.01).
Fluoroquinolones, including fleroxacin, have recently emerged as interesting antibacterial agents in the therapy of deep-seated infections. This is in part attributable to their antibacterial spectra, the extent of their oral absorption, and their high rate of penetration into biological fluids and tissues (45) .
Rifampin has long been used as an adjunctive treatment of staphylococcal infections because of its antibacterial effects on staphylococci and its extensive distribution into tissues. However, rifampin monotherapy almost invariably leads to failure due to development of resistance. The combined use of both families of antibacterial agents, fluoroquinolones and rifampin, has been advocated for the treatment of serious staphylococcal infections to avoid the emergence of resistant bacteria, especially in long-term treatments (3, 14-16, 22, 23, 25, 26, 28, 35, 38, 44, 48) .
The combination of fleroxacin plus rifampin has been used successfully in animal models, in particular to cure chronic staphylococcal infections (8, 28) . Fleroxacin is virtually completely absorbed; its absolute bioavailability after oral administration amounts to 100%. It is eliminated primarily by renal clearance (CLR), about 60 to 70% of a dose being recovered unchanged in the urine within 96 h. The terminal half-life (t112,3) reaches approximately 13 h. Two major metabolites in urine have been identified, N-oxide-fleroxacin and N-demethyl-fleroxacin. They amount to approximately 5 to 10% and 7%, respectively, in healthy subjects (47) .
Rifampin is metabolized by the hepatic microsomal enzyme system (1, 43) and is known to induce many enzymatic * Corresponding author. catabolic pathways (20) . By acting on the hepatic mixedfunction oxidase system in humans (including the cytochrome P-450 III A CYP3A isoenzymes) (34) , it enhances the elimination of a large number of drugs (2) . Because the two metabolites of fleroxacin are formed by oxidative processes in the liver, an influence of rifampin on fleroxacin kinetics must be considered. Therefore, it was important to assess the influence of rifampin on steady-state fleroxacin pharmacokinetics and to determine its effect under controlled conditions. In order to estimate the efficiency of enzymatic induction by rifampin, the urinary output of 6-3-hydroxycortisol was measured. This physiologic nonconjugated metabolite of cortisol is synthesized mainly in the endoplasmic reticulum of the liver and poorly in the adrenal cortex and placenta. It is produced by an isoenzyme of the cytochrome P-450 superfamily (probably CYP3A4) and is therefore an accurate marker to control environmental induction (17, 46) . The results of the present study will be useful to assess the dosages necessary for clinical studies applying this drug combination in the therapy of staphylococcus infections.
(This work was presented in part at the 32nd Intersciencei1 7 within-subject comparative study. Two 3-day active treatment periods were programmed (fleroxacin alone and fleroxacin plus rifampin) to achieve steady-state conditions. Each was followed by a 2-day wash-out period. For hepatic enzyme induction, a 7-day run-in period with rifampin was allowed to (32, 36, 43) overlap with the second 3-day fleroxacin treatment period. The overall study design diagram ( Fig. 1) During the first urine collection period of days 3 and 12, a further aliquot (10 ml) was -kept for a 6-,-hydroxycortisol assay as a control measure of hepatic enzyme induction. 6--Hydroxycortisol assay. 6-13-Hydroxycortisol urinary output is highly individual (17) and has a circadian rhythm (50) . Therefore, each volunteer was his own control, and sampling schedules were identical for both periods. Urine samples were collected following initial micturition, from 7 a.m. to 11 a.m. The volume was determined, and, after mixing, an aliquot was frozen at -20°C until analyses could be performed. We used an immunoenzymatic reaction of a competitive type with 6-,-hydroxycortisol peroxidase as a conjugate and orthophenylenediamine as a chromogenic substrate (51) . Urine samples and calibrating solutions were measured by enzyme-linked immunosorbent assay (ELISA) (Stabiligen, Nancy, France). The limit of quantification was 50 pg/ml, with a linearity superior to 0.99 over the range of 50 to 1,000 pg/ml. The intra-assay coefficient of variation throughout the range of quantifiable values was no greater than 10%.
Pharmacokinetic analysis. Visual inspection of the log linearized data showed monophasic fleroxacin concentration decline in all subjects. Monophasic elimination with firstorder absorption was therefore assumed, and a biexponential model was fitted to the untransformed data with weighting proportional to the inverse of the predicted values. The maximum concentration in plasma, the time to reach maximum plasma concentration, and the minimum concentration in plasma (24 h after the drug intake) were determined at steady state; the area under the concentration-time curve Fig. 2 , demonstrating successful induction of the cytochrome P-450 hepatic microsomal enzyme system by rifampin.
Pharmacokinetic parameters. The concentration-time curves obtained either before or after rifampin treatment are presented in Fig. 3 and 4 . The pharmacokinetic parameters for fleroxacin at the end of periods A and B are presented in Table 1 . After rifampin pretreatment, fleroxacin t1/2,3 and AUC from 0 to 24 h decreased significantly (P < 0.05), by 19 and 13%, respectively. This was associated with a 15% increase in CL. Pretreatment with rifampin also had a significant influence on the minimum concentration in plasma, resulting in a 30% decrease (1.4 to 1.0 mg/liter). However, no significant influence on the maximum concentration in plasma or the time to maximum concentration in plasma was observed.
CLR was not significantly altered, whereas metabolic clearance increased by 28% (39.4 to 50.4 ml/min) in subjects who were pretreated with rifampin. This higher metabolic clearance was also reflected by a significant increase in urinary recovery of N-demethyl-fleroxacin, from 6.9 to 12.5 ml/min, following rifampin pretreatment. The urinary excre- tion of unchanged drug and N-oxide metabolite decreased by 8 and 15%, respectively, but without reaching a statistically significant difference when expressed as clearance. The cumulative urinary excretion (0 to 24 h) of the native drug and its two main metabolites accounted for 70% and remained unchanged after rifampin pretreatment.
DISCUSSION
Rifampin administered alone is one of the best available antistaphylococcal agents. It has an extremely low MIC against S. aureus and is extensively distributed into tissues. Moreover, rifampin is known to concentrate within neutrophils and kill intracellular organisms (29) . This mechanism may be important in the treatment of purulent infections (5, 29) . However, this agent is not used as monotherapy because resistance develops rapidly (30, 48, 49) . Quinolones have been used in several clinical studies as single agents in the therapy of staphylococcal infections (12, 13, 18, 19, 27) . There is also considerable concern about the increasing development of S. aureus resistance to quinolones (6, 10, 40, 42) , both during therapy and on the epidemiological level. Therefore, quinolone-rifampin combinations have been of interest to clinicians. Theoretically, combined therapy could improve the rate of therapeutic success and limit the development of resistance by staphylococci to either agent.
Many experimental studies have been conducted with such combinations for the therapy of staphylococcal infections. Successful results were observed with different animal models. A rat model was used to compare the efficacies of various agents, alone and in combination, for the therapy of methicillin-resistant S. aureus chronic osteomyelitis (15, 23) . The efficacy of a 3-week combination of a quinolone (either ciprofloxacin [15, 23] or pefloxacin [15] ) and rifampin was shown to be equivalent (15) or statistically superior (23) to that of a vancomycin-rifampin combination. In any case, the efficacies of these combination regimens were equivalent to that of rifampin alone but superior to that of any other single agent.
Kaatz et al. reported that ciprofloxacin, alone or in combination with rifampin, was not better than vancomycin alone in the treatment of a rabbit model of S. aureus endocarditis (26) . However, they suggested that the addition of rifampin to ciprofloxacin may decrease the frequency at which high-level resistance to ciprofloxacin emerges.
Rabbits with intraperitoneal foreign bodies were infected with S. aureus (3) . The efficacy of ciprofloxacin alone (8 days) was not different from that in the control group, whereas the addition of rifampin showed significantly better results.
Finally, a rat model for subcutaneous foreign-body abscesses was developed. A 6-day therapy of fleroxacin plus rifampin was shown to be equivalent to rifampin alone or in combination with vancomycin but clearly better in terms of resistance to rifampin (28) . A prolonged therapy (21 days) demonstrated a clear advantage after the combination of fleroxacin and rifampin versus monotherapies, including vancomycin (8) .
There is controversy about the possible pharmacokinetic interactions between quinolones and rifampin, since ri- half-life and its levels may be maintained continuously above the MIC for methicillin-susceptible staphylococcal strains (1 jig/ml) (37) during therapy with a single 400-mg daily dose. It was therefore necessary to assess whether coadministration of rifampin would alter the hepatic clearance of fleroxacin and thus its pharmacokinetic properties.
Our study was not designed as a crossover because the time required for reversion of the increased hepatic enzyme activity is dependent on each individual and therefore no standard duration for the restoration of baseline status can be predicted.
The pharmacokinetic parameters of fleroxacin in the initial period were similar to those previously reported. For rifampin, the increased urinary output of 6-,-hydroxycortisol confirms that each healthy young volunteer underwent a significant hepatic enzyme induction. The results indicate a significant pharmacokinetic influence of rifampin on fleroxacin. This interaction may be considered to be moderate, with an increase in CL of 15%. As CLR was not affected, the mechanism of interaction seems to be mainly an induction of metabolic pathways leading to N-demethyl-fleroxacin. Whereas N oxidation is dependent on flavoproteins (31) , N demethylation is predominantly mediated by cytochrome P-450 (41) . Without any hepatic enzyme induction, cumulative urinary excretion of the major fleroxacin metabolites remains in a narrow range. Estimates of N-oxide-fleroxacin vary in the literature from 5.7% + 0.8% of the total dose for 72 h (n = 6) (21) to 6.3% + 1.7% (n = 12) (41); the N-demethyl derivative represents from 6.6% _ 1.3% (n = 30) (33) to 6.9% + 2.0% (n = 6) (21). Our results before rifampin therapy were similar to those reported previously. Hepatic enzyme induction by rifampin led to a significant increase in N-demethyl metabolite production, whereas N-oxide-fleroxacin clearance remained unchanged. There are presently no available data concerning the influence of other hepatic metabolism inducers (either smoking or other drugs) on fleroxacin pharmacokinetics. It should be emphasized that despite a statistically significant effect of rifampin on the pharmacokinetics of fleroxacin, the extent of that interaction has little clinical importance. It should be noted that the mean minimum concentration in plasma (24 h after a 400-mg fleroxacin dose and upon 600-mg daily rifampin treatment) is around 1.0 mg/liter, which corresponds to the minimal concentration inhibiting 90% of strains of methicillin-susceptible S. aureus and Staphylococcus epidermidis.
The present results now allow the concomitant administration of fleroxacin and rifampin in clinical trials, without any a priori dose modification of fleroxacin.
